The title compound, C 22 H 22 N 2 O 4 S 2 , was synthesized by the reaction of 1,4,5,8-naphthalenetetracarboxylic dianhydride with 3-(methylsulfanyl)propylamine. The whole molecule is generated by an inversion operation of the asymmetric unit. This molecule has an anti form with the terminal methylthiopropyl groups above and below the aromatic diimide plane, where four intramolecular C-HÁ Á ÁO and C-HÁ Á ÁS hydrogen bonds are present and the OÁ Á ÁHÁ Á ÁS angle is 100.8
Chemical context
Naphthalene diimide, which has an expanded -electrondeficient plane has attracted considerable interest as an excellent organic linker material for the production of photochromic coordination polymers as a result of their photoinduced electron transfer from neutral organic moieties to stable anionic radicals (Liu et al., 2018) . Aromatic imides are highly fluorescent residues that are used in the signal generation of sensors or on-off molecular switches. They have also been used in the design of receptors (Claudio-Catalá n et al., 2016) and sensors to recognize charged species and other guests (Landey-Á lvarez et al., 2016) . In addition, naphthalene diimides are ideal for studying anionicÁ Á Á interactions because the quadrupole moments are highly positive (Fang et al., 2015) . We have extended our work on naphthalene diimides to produce the title compound by the reaction of naphthalenecarboxylic dianhydride with methylthiopyrimidine and report its crystal structure here. ISSN 2056-9890 
Structural commentary
The title compound comprises a central naphthalene diimide with terminal thiopropyl chains (Fig. 1) . The molecule lies on a crystallographic inversion center located at the centroid of the naphthalene ring system and the asymmetric unit is composed of one half of the molecule. As expected, the naphthalene diimide plane (N1/C5/O1/C6/C10/C7/C8/C11/C9/O2) is roughly planar with an r.m.s. deviation of 0.024 Å . The total distance between the terminal carbon atoms is 18.621 Å . Furthermore, this molecule has an anti form as a result of the intramolecular C4-H4AÁ Á ÁO1 and C4-H4AÁ Á ÁS1 hydrogen bonds (Table 1 ). The terminal methylthiopropylamine group is fixed at an O1Á Á ÁH4AÁ Á ÁS1 angle of 100.8
by the aforementioned intramolecular hydrogen bonds. The C3/C2/S1/C1 section of the methylthiopropyl substituent is almost parallel to the naphthalene diimide unit with the C3/C2/S1/C1 mean plane inclined to the naphthalene diimide plane at a dihedral angle of 13.1 (2) .
Theoretical calculations
DFT calculations were performed using the GAUSSIAN09 software package (Frisch et al., 2009 ) and the calculated distances and angles were compared with experimental values from the X-ray diffraction studies. The overall structural calculation was performed using the B3LYP level theory with a 6-311 ++ G** basis set. The parameters optimized for bond lengths and bond angles are in close agreement with experimental crystallographic data ( Table 2 ). The terminal methylthiopropyl group is fixed by internal hydrogen bonding in the crystal, whereas its internal hydrogen bonds are broken in the gas-phase structural calculation. This can be confirmed by the fact that the O1Á Á ÁH4AÁ Á ÁS1 angle of the methylthiopropyl group has changed from 100.8 to 122.0 (Fig. 2) . However, even in the gas phase the molecule has an anti form similar to that found in the solid state.
Supramolecular features
In the crystal, C-HÁ Á ÁO and C-HÁ Á ÁS hydrogen bonds (Table 1) iv /C11 v rings, respectively; symmetry codes: (iii) Àx + 2, Ày + 1, Àz; (iv) Àx + 2, Ày, Àz; (v) x, y À 1, z]. These -interactions lead to a two-dimensional network structure parallel to the (001) plane (Fig. 4) . The network structures are stacked in an alternating ABAB sequence along the c-axis direction (Fig. 5 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; Ày; Àz; (ii) x þ 1; y þ 1; z.
Figure 2
Atom-by-atom superimposition of the calculated structure (blue) using B3LYP/6-311 ++ G** and the X-ray structure (green) for the title compound.
Figure 1
The asymmetric unit of the title compound, with displacement ellipsoids drawn at the 50% probability level. H atoms are shown as small spheres of arbitrary radius and yellow and green dashed lines represent intramolecular C-HÁ Á ÁS and C-HÁ Á ÁO hydrogen bonds, respectively. Unlabelled atoms are generated by the symmetry operation (Àx + 2, Ày + 1, Àz). 
Hirshfeld surface analysis
Hirshfeld surface analysis was performed using CrystalExplorer (Turner et al., 2017) to quantify the various intermolecular interactions in the molecular packing of the title compound. The bright red dots in Fig. 6 showing the Hirshfeld surface mapped to the normalized contact distance (d norm )
indicate the R 2 2 (11) and R 2 2 (10) loops, and the contact points of the intermolecular C-HÁ Á ÁO and C-HÁ Á ÁS hydrogen bonds. The lighter red dot on the surface represents the -interaction with adjacent molecules. The white and blue colours that make up the majority of the surface indicate contact distances that are equal to or greater than the van der Waals radii.
936 Park et al. The C-HÁ Á ÁO and C-HÁ Á ÁS hydrogen bonds andstacking interactions are identified in the two-dimensional fingerprint plots (Fig. 7a-e) , which show the HÁ Á ÁH, HÁ Á ÁC/ CÁ Á ÁH, HÁ Á ÁO/ OÁ Á ÁH, HÁ Á ÁN/NÁ Á ÁH, and HÁ Á ÁS/SÁ Á ÁH contacts. The relative contributions of the atomic contacts to the Hirshfeld surface are summarized in Table 3 . These show that the dominant interaction, accounting for 44.2% of the surface, is the HÁ Á ÁH van der Waals interaction. Substantial contributions are also made by HÁ Á ÁO/OÁ Á ÁH (18.3%), HÁ Á ÁC/ CÁ Á ÁH (14.4%), and HÁ Á ÁS/SÁ Á ÁH (10.2%) contacts, which are indicated by two sharp peaks in each fingerprint plot. Lesser contributions from CÁ Á ÁO/OÁ Á ÁC, CÁ Á ÁC, HÁ Á ÁN/NÁ Á ÁH, OÁ Á ÁO, NÁ Á ÁO/OÁ Á ÁN, and CÁ Á ÁS/SÁ Á ÁC contacts are included in Table 3 for completeness.
Synthesis and crystallization
A mixture of 1,4,5,8-naphthalenetetracarboxylic dianhydride (6.70 g, 25.0 mmol) and 3-(methylsulfanyl)propylamine (5.6 mL, 50.0 mmol) in toluene (5 mL) and quinoline (15 mL) was heated at 453 K with stirring for 1h. Upon cooling to room temperature, a golden yellow crude solid was filtered off and washed with diethyl ether. A golden yellow powder was obtained. Crystals suitable for X-ray diffraction analysis were obtained by slow evaporation of a dichloromethane solution of the title compound. (Andric et al., 2004) , N,N 0 -di-n-hexyl-1,4;5,8-naphthalenetetracarboxylic diimide (Ofir et al., 2006) , and N,N 0 -di(n-dodecyl)naphthalene-4,5,8,9-tetracarboxylic acid diimide (Kozycz et al., 2015) .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . All H atoms were positioned geometrically and refined using a riding model with d(C-H) = 0.95 Å , U iso = 1.2U eq (C) for aromatic, d(C-H) = 0.99 Å , U iso = 1.2U eq (C) for methylene, and d(C-H) = 0.98 Å , U iso = 1.5U eq (C) for the methyl H atoms. program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 2010) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010) .
N,N′-Bis[3-(methylsulfanyl)propyl]-1,8:4,5-naphthalenetetracarboxylic diimide
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
